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Sequencing batch reactorAbstract Toxic organic dye removal from the textile wastewater is a serious concern. It is difﬁcult
to choose a single or a combination of treatment techniques between various available options; each
with certain advantages and drawbacks. Six different techniques were applied on the same textile
wastewater to evaluate the most effective in terms of treatment efﬁciency. The three most important
textile wastewater quality parameters of chemical oxygen demand (COD), total suspended solids
(TSS) and color were made the basis of the comparison of different treatment techniques. Other
critical parameters such as treatment time, ease of operation and chemical cost employed were also
considered. No single biological or physico-chemical treatment technique was found capable of
removing up to 80% of the inﬂuent COD, TSS and color simultaneously from the textile wastewater.
The conventional activated sludge (CAS) treatment followed by efﬂuent polishing with the sand ﬁl-
tration (SF) and activated carbon adsorption columns was proved to be the most promising with
COD, TSS and color removal efﬁciencies of 81.6%, 88.5% and 94.5% respectively. Moreover this com-
bination of techniques enjoys lower chemical cost, medium operation time and fewer difﬁculties in the
process control. Hence, the combination is recommended for the treatment of the textile efﬂuents.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Faculty of Engineering, Alexandria
University.1. Introduction
The pollutants in the untreated wastewater need to be removed
for the safe disposal into the fresh water bodies [1]. The uncon-
trolled industrial and urban wastewater discharge has posed a
signiﬁcant negative impact on the streams’ and rivers’ water
quality [2]. The textile industry affects environment in two
ways; by its huge water consumption and by the complexity
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[3,4]. The textile wastewater may cause severe hazardous con-
tamination of the water bodies [5]. Moreover, increasing pop-
ulation with the corresponding increasing water demand
provokes the need of the treated wastewater reuse in the agri-
culture and industry [6].
One of the important textile processes is the color dying of
the clothes with the organic dyes that increase the chemical
oxygen demand (COD) of the water. These dyes constitute a
serious aesthetic problem in the public opinion and restrict
the downstream reuse of the wastewater [7], because of the
low biodegradability of many chemicals and dyes employed
in various textile processes; the biological treatment alone is
not a very good option [8]. Also, the conventional biological
treatment has certain disadvantages such as sludge production,
high energy demand and frequent maintenance requirement
[9]. However, the addition of various adsorbents and chemicals
directly into the activated sludge systems, to form the hybrid
systems, for improving the color removal efﬁciency is reported
[10,11]. These systems can be a good option for the textile
wastewater treatment, but, the contamination of activated car-
bon in the efﬂuent, loss of the activated carbon with discharge
sludge and the increase in sedimentation time are some of the
serious concerns associated with the hybrid systems [12].
The physico-chemical treatment processes such as coagula-
tion-ﬂocculation, advanced oxidation and electrochemical
techniques are effective, quick and compact but are not gener-
ally employed due to the associated high chemical and opera-
tional costs as well as complex sludge generation [13,14]. As
compared with the aluminum salts; iron salts coagulate in a
wider pH range and form heavier ﬂocs with relatively less dan-
ger in the case of coagulant overdose [15]. The use of the Fen-
ton’s reagent for the treatment of textile wastewater is one of
the most advanced oxidation processes [16]. The high removal
efﬁciencies of Fenton is due to the formation of strong hydro-
xyl radical (OH) and the oxidation of Fe2+ to Fe3+ with the
formation of ferric hydro complexes; which simultaneously
acts as a coagulant and oxidant [17]. The OH/H2O has a very
strong oxidation potential of +2.73 V but it leaves a yellowish
color in the treated wastewater. Adsorption produces high
quality product water by adsorbing the cationic, mordant
and acid dyes from the textile wastewater. However, the acti-
vated carbon is expensive and has to be reactivated; otherwise
the disposal of the concentrate needs to be considered as well.
Moreover; the granular activated carbon (GAC) can only
maintain its adsorption capacity for a short time after the
available adsorption sites are exhausted with adsorbed pollu-
tants [18].
The advantage of the sequencing batch reactor (SBR) is the
single tank design and the ﬂexibility allowing them to meet dif-
ferent treatment objectives. The SBR has ﬁve major steps of
ﬁll, react, settle, decant and idle. The SBRs can be designed
and operated to attain the enhanced nitrogen, phosphorus
and ammonia removal in addition to the removal of total sus-
pended solids (TSS) and COD [19].
Individually, all the treatment processes are associated with
certain advantages and disadvantages and a very sound knowl-
edge of the chemistry and processes is required to choose the
most suitable for the real time applications. Most of the litera-
ture available deals with the synthetic textile wastewater treat-
ment that comprises of only one or few organic dyes and
readily biodegradable organics dissolved in de-ionized (DI)water. The real textile wastewater chemistry and behavior is
entirely different due to the combination of various dyes, chem-
icals, suspended particles, nutrients and bacteria in it. This study
compares the effectiveness of six different treatment techniques
employed on the real textile wastewater. Based on literature, the
three most important textile wastewater quality parameters of
COD, TSS and color were made the basis of the comparison.
Moreover, important designing factors such as treatment time,
operational control and chemical cost were also given equal con-
sideration in the ﬁnal recommendations. This uniqueness of this
study is to conclude the best individual and combination of tech-
niques based on real time experimental results.2. Materials and methods
2.1. Sampling, chemicals and analytical methods
The wastewater for this study was sampled from the Paharang
drain Faisalabad, Pakistan. More than 200 textile industries
discharge their untreated efﬂuent in this drain. The 24 h compos-
ite samples were collected and stored at 4 C to retard any
biological activity. All the analytical work was conducted
according to the procedures prescribed in the standard methods
[20]. The chemicals, activated carbon and test kits used in the
study were purchased from Sigma Aldrich and HACH. All the
chemicals were used as such without any change in their chemis-
try or purity. All chemical solutions were prepared in the DI
water.
2.2. Conventional activated sludge (CAS) and sequencing batch
reactor setup
The seed activated sludge for the CAS reactor and the SBR was
collected from the I-9 sewage treatment plant, Islamabad,
Pakistan. The sludge was acclimatized for 2 weeks with the
textile wastewater and then was introduced in the CAS reactor.
A poly acrylic, transparent vessel having a working volume of
30 Lwas used as theCAS reactor. The reactorwas operated con-
tinuously for 7 weekswith hydraulic retention time (HRT) of 8 h
and solid retention time (SRT) of 30 days. Continuous ﬂow at
90 L/day was subjected to the reactor using a peristaltic pump
(Model: SP-311, VELP) with a wattage of 20 W. The aeration
was provided at the rate of 2 L/min,with aeration pump (Model:
AK-808, China) and diffusers, to maintain the desired activated
sludge mixing and maintaining the dissolved oxygen (DO) level
of 2 mg/L in the reactor. DOwasmeasured using a portable DO
meter (Model: Sension 6, HACH). The temperature of the
sludge was maintained at 23 ± 1 C using an automatic heater
(Model: PR 580, China) immersed inside the reactor. The reac-
tor was operated at the wastewater normal pH of 8.5 ± 1. The
SBR consisted of a transparent vessel with 1.5 L effective vol-
ume. The SBR was placed in a water bath at 23 ± 1 C and
the whole operation was performed at normal pH (8.5 ± 1) of
the wastewater. The aeration was provided at a constant ﬂow
of 0.95 L/min at a pressure of 0.1 bars. Aeration helped inmain-
taining a DO level between 2.5 and 3.5 mg/L and providing suf-
ﬁcientmixingof the sludge tokeep it in suspension.TheSBRwas
operated for 3 weeks at 8 h HRT without any sludge wasting.
The SBR was aerated for 6.75 h and then a combined settling
plus decantation was employed for 0.75 h followed by 0.5 h
ﬁlling.
Table 1 Average physico-chemical and biological character-
istics of the sample wastewater.
Parameters Units Averagea value ± SD
Temperature Celsius 25.4 ± 7.6
BOD mg/L 224.6 ± 40.7
COD mg/L 433.7 ± 35
pH – 8.5 ± 1
DO mg/L 0.84 ± 0.31
TSS mg/L 244 ± 76
VSS mg/L 135 ± 17.3
Color Pt-Co 456 ± 22.6
TN mg/L 55.8 ± 23.7
TP mg/L 13 ± 2.1
TDS mg/L 2570 ± 490
Sulfates mg/L 412 ± 26
Chloride mg/L 846 ± 266
Oil and grease mg/L 28 ± 3.4
a An average of 10 samples.
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columns
For 2 weeks, the treated efﬂuent of the CAS reactor was
passed through the SF and GAC adsorption columns for fur-
ther polishing. The conﬁguration of the two columns is shown
in Fig. 1. The GAC used in the column was derived from coal,
activated with steam and had an average diameter of approx-
imately 1 mm, as mentioned by the supplier. Gravel was used
for supporting the ﬁne sand in the SF column. The ﬁner sand
of 100 mesh size was above 80 mesh sand. The conﬁguration of
both columns was adopted by trial and error method to elute
continuously the CAS treated efﬂuent. Columns were ﬁrst
ﬂushed with DI water for 8 h to remove all the trapped impu-
rities and ﬁne particles and then were used in the study. The
same columns were used for 2 weeks to assess the trend of their
efﬁciency with the operation time.
2.4. Coagulation, oxidation and adsorption experiments
During all these batch experiments, 1 L of the textile wastewa-
ter was taken in each of the 6 jars of the jar test apparatus;
2 min coagulation at 120 rpm followed by 20 min ﬂocculation
at 20 rpm and half hour settling were applied. All jar test stud-
ies were carried out at a pH of 8.5 ± 1 and temperature of
23 ± 1 C.
3. Results and discussion
3.1. Wastewater chemistry and potential treatment options
Table 1 summarizes the average wastewater characteristics of
the Paharang drain over a year period elaborately discussed
in our previous study [21].Figure 1 Conﬁguration of the sand ﬁltration and activated
carbon adsorption columns.Looking at Table 1, chemistry of the wastewater and the
potential treatment options may be revealed. The biological
oxygen demand (BOD)/COD ratio of 0.51 suggests the partial
treatability of this wastewater through biological methods,
also, the COD:N:P of 100:13:3 depicts sufﬁcient nutrients
availability for the aerobic bacteria growth and sustenance.
The volatile suspended solids (VSS)/TSS ratio of 0.55 demon-
strates that 45% of the inﬂuent TSS cannot be removed by the
biological treatment. Moreover; the high concentration of the
oil and grease discourages the idea of only biological treat-
ment, so, some pre- or post-physico-chemical treatment is
essential. The high total nitrogen (TN) concentration of
55.8 ± 23.7 mg/L suggests strong possibility of the presence
of azo dyes. Since the aerobic biological treatment cannot
remove the azo bond so, some combine aerobic and anaerobic
treatment may be a better option.
3.2. Activated sludge, sand ﬁltration and adsorption effect on the
pollutants removal
Fig. 2 shows the COD removal after three stages of the treat-
ment. Improvement of the CAS efﬁciency from 45% to 57% in
7 weeks could be attributed to the continued bacterial acclima-
tization with the inﬂuent wastewater. The SF and GAC col-
umns were able to remove only up to 9% and 19% of the
inﬂuent COD, respectively. Jointly the maximum COD
removal attained was 81.6% and the remaining 18.4% of the
inﬂuent COD went untreated with the efﬂuent. Fig. 3 demon-
strates the TSS removal after three stages of the treatment. The
CAS, SF and GAC jointly achieved a maximum of 88.5% TSS
removal, while the remaining 12.5% TSS ﬂushed out with the
treated efﬂuent. Fig. 4 describes the color removal efﬁciencies.
A maximum of 94.5% color removal was achieved after all
three stages of the treatment and 15.5% of the inﬂuent color
stayed in the ﬁnal efﬂuent. The efﬁciencies of both the SF
and GAC columns followed a declining trend. This may be
attributed to the trapped organics on the inert sand and carbon
surfaces, which make it slippery and allow the incoming con-
taminants to pass through the column with fewer chances of
adsorption and entrapment.
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Figure 2 COD removal after biological treatment, sand ﬁltration
and GAC adsorption.
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Figure 3 TSS removal after biological treatment, sand ﬁltration
and GAC adsorption.
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Figure 4 Color removal after biological treatment, sand ﬁltra-
tion and GAC adsorption.
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Figure 5 Effectiveness of SBR in contaminant removal.
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Fig. 5 demonstrates that the removal efﬁciencies improved
with the operation period of the SBR to a maximum before
becoming constant. The reason may be the rapid increase of
the mixed liquor volatile suspended solids (MLVSS) concen-
tration in the SBR from 2300 to 2900 mg/L, followed by a
decelerated increase and ﬁnal stabilization at 3200 mg/L. The
maximum removal efﬁciencies lingered at 74%, 74% and
81% for the COD, TSS and color; respectively. High efﬁciency
of the SBR compared to CAS is mainly due to the augmenta-
tion of slowly growing anoxic bacteria which are specialized in
nitrogen and phosphorous removal. In azo-dyes; the azo bond
(AN‚NA) is responsible for the resistance against aerobic
bacterial attack. Under anoxic conditions the cleavage of azo
bond causes a reduction in the size of dye molecule which
encourages dye hydrolysis followed by biodegradation.3.4. Coagulation, oxidation and batch adsorption effect on the
pollutants removal
Table 2 summarizes the results of coagulation, oxidation and
adsorption batch experiments. The initial COD, TSS and color
values in batch experiments were 460 mg/L, 250 mg/L and 440
Pt-Co respectively. The 20% and 16.4% TSS removal at zero
alum and GAC dose depicts the potential of sedimentation as
pre-treatment technique for treating a fragment of this waste-
water. Above 20 mg/L dose further addition of alum caused an
increase in the efﬂuent COD. This increase was probably due
to the presence of un-used aluminum hydroxide complexes,
formed by alum dissolution into the water, which affect the
turbidity, pH and consequently the COD of the solution.
Increasing alum dose above 20 mg/L did not increase the color
removal efﬁciency much. This conﬁrms the interdependence of
color and COD in the wastewater. The increase of 13% TSS
Table 3 Summary of efﬁciencies of the six techniques for textile wastewater treatment.
Criteria CAS CAS + SF
+GAC
SBR Alum
coagulation
Fenton’s
oxidation
GAC
adsorption
Maximum COD removal eﬃciency (%) 57 81.6 74 58 68 56
Maximum TSS removal eﬃciency (%) 68 88.5 74.6 73 72 32
Maximum Color removal eﬃciency (%) 37 94.5 81.5 34 24 88
Time for maximum removal (h) 8 8 8 2 2 2
Chemical cost for 1 m3 wastewater treatment (US $) 0 0.25 0 1.30 2.50 1.50
Operational diﬃculty and process control (low–medium–high) Low Low Med Med High Med
Total points earned/100 62 75 67.5 59.2 45.6 59.7
Table 2 Effectiveness of the coagulation, oxidation and adsorption treatment techniques.
Alum dose
(mg/L)
COD
removal (%)
TSS removal
(%)
Color
removal (%)
GAC Dose
(g/L)
COD
removal (%)
TSS removal
(%)
Color
removal (%)
0 3.9 20 4.6 0 2.2 16.4 1.1
10 56.5 52 29.5 2 37.4 24.4 34.5
20 58.7 60.4 34.1 4 54.3 31.2 60.0
30 34.8 73.2 34.5 6 56.3 32 68.6
40 39.1 59.6 31.6 8 49.1 30.8 78.6
50 43.5 61.2 33.0 10 50.4 32.8 88.2
H2O2 dose (ml/L) FeSO4 dose (mg/L) COD removal (%) TSS removal (%) Color removal (%)
0 10 21.7 24.8 19.3
0.176 10 34.1 36.4 24.3
0.352 10 57.2 61.2 18.2
0.440 10 67.8 75.2 11.4
0.440 0 14.1 16 20.2
0.440 6 39.8 46.4 18.2
0.440 10 70.0 72.4 13.2
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but it is related to the corresponding 50% increase in coagu-
lant amount and 24% loss in the COD removal efﬁciency.
So, 20 mg/L alum dose may be regarded as the optimum.
The activated carbon in batch mode depicted maximum of
88% color removal. It is interesting to note that the efﬁciency
for available color removal varied by only 3% between the col-
umn mode (91%) and the batch mode (88%) adsorption. So,
the mixing or static forms do not make much difference in
GAC behavior and it depends more on available active
adsorption sites. The same theory can be proved by comparing
50% and 56% COD removal and 28% and 32% TSS removal
in the column and the batch modes respectively. This also con-
ﬁrms that the adsorption cannot remove the contaminants
individually and has to be accompanied by certain pre- or
post-treatment techniques. The color removal in the batch
mode increased proportionally with the increasing GAC dose
but the dose was not increased beyond 10 g to formulate signif-
icant comparison with the column mode; which also used 10 g
of the GAC. Also, the increasing GAC dose was ineffective on
COD and TSS removal.
It was found that the 0.440 ml/L dose of H2O2 produced
highest removal with the constant FeSO4 dose of 10 mg/L.
In next step, keeping H2O2 dose constant the FeSO4 dose
was optimized in the lower range (limited results shown).
Again, the highest FeSO4 dose of 10 mg/L was proven best.
It is interesting that with the increasing concentration of
Fenton the color removal decreased either due to the yellowishcolor of Fenton itself or due to the increase in TSS removal
which depletes the excess solids inside the system that serve
as a biosorbent for color dyes [22].
Due to the high chemical cost of both reagents and ineffec-
tiveness over color removal, it was not practically feasible to
go above this concentration. Looking carefully at Table 3, it
is revealed that individually FeSO4 was more effective com-
pared to H2O2 in terms of contaminant removal. It is interest-
ing to note that Fenton’s reagent performs better at lower pH
values of 3–4 [23], but in this study for the sake of comparison
with the other techniques the pH was kept at 8.5 ± 1.
Table 3 summarizes the maximum efﬁciencies of all six
treatment techniques along with operational time, chemical
cost and operational control as the criteria parameters. The
chemical costs were calculated based on the actual costs of
the chemicals employed during the experiments. The opera-
tional difﬁculty and process control was divided into three cat-
egories of low, medium and high. It was calculated based on
operator’s exposure time to the system, harmfulness of the
chemicals used, handling and quality of the sludge produced
and the ease of operation. The relative difﬁculties and process
control are suggested as per authors own understanding
through literature review and experiments under this study.
Point based calculation was done for all six techniques with
each of the six criteria being allotted equal points of 16.6.
For COD, TSS and color removal the efﬁciency was multiplied
with 16.6 to calculate the points. For the other three parame-
ters relative calculations were done using multiplication factors
722 M.S. Nawaz, M. Ahsanand ﬁnally subtracting the ﬁnal answer from 16.66. The total
points earned by each technique out of 100 are reported in
the ﬁnal row of Table 3.
4. Conclusions
No single biological or physico-chemical treatment technique
was found capable of removing up to 80% of the inﬂuent
COD, TSS and color simultaneously from the textile wastewa-
ter. However, the combination of conventional activated
sludge treatment followed by sand ﬁltration and activated car-
bon adsorption demonstrated highest organics (81.6%) and
color (94.5%) removal with low operational difﬁculty and
nominal chemical cost. So, this combination of techniques is
recommended for the textile wastewater treatment. As an indi-
vidual technique sequencing batch reactor proved itself prom-
ising in contaminant removal with zero chemical cost and
medium operational control. So, if less operational chemical
cost is available then the SBR may be a preferred treatment
option. The 20% TSS removal by just mixing the wastewater
and allowing it to settle derives the attention toward the poten-
tial of primary sedimentation as a pre-treatment technique.
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